a
L=
i
..

B |
4

-y

FE—

.
T
HE
]
L4

.

[ L]

[A—

-

PR

e

ey

=

{:u-»ﬂ

4

o

COMTEMNTE

BT YL

g
o
anl

GBS LT SBY)




o

Foreword

The underwater @«xplosion measurenznits disouwssed in this report
ware conducted by the Explosion Dynamics Branch (815 of the
Energetic Materials Division (Rid) . The work was supported by the
Conservation Division of the Minerals Mansoement Service, U. &.
Department of the Intesrior.

Facilities were provided by UOftshore FPetroleum, Inc (OFI) under
contract to EXXUN Corporation, with whom the eesponsibiltity for
platform removal lay. Explosive charges wers supplied, armed and
tired by DEMERY Intsrnational , under subcontract to OFL.

Underwater suplosion data were collected and analvied to
determineg the wnderwater sihock output levels near undsrbotton well
severance expiosions. Al shots were Ffired in the Gul+ of FMexico at
the former Tocation of EyyON’'s West Delta 30 platform. Data was
recorded and analvyzed with the RIS digital data acguisition system.

Company and trade names are mentioned in this report for
intarmation and ldentitication purposes only. EBEndorsement or
griticism 18 not intended.

The R1Z field crew inciuded: KR. E. Mersiowsky, D. R. Rulp,
5. E. Copgnilil, Ko We Rye and J. G. Connor, Jr. Gages wabe
constructed, calibrated and repaired as needed by 8. E. Coghill at
LDahlgren. Fraliminary set-up and rig construction was done at
Dahigren by R. E. Mersiowsky, B. A, Robey and B. E. Ssbring.

Digitization of analog tape records and final computer anal vees
wera run at the White Osk site by J. C. Flovd.

Approved by

K. Fo Muel lter, Head
Engragetic Materials Division

(O8/21/78%)
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Chapter 1

IRTHRODUCT TN

Hrg

CGRTILIND

011 well platforms located in 530 o 5300 1 of water are often
set astirids navigable waterwavs. Thoses platforms that have seeved
their purpose are eventually cliesred to at Isast 15 1 belnw the
mad Tinm,.  This is done Lo avoild profiigate growbth i numbsrs of
naviaation obstaclies and snags for fishermen’s nets.

Flatform removal is most effilciently accompl ished by
detonating an explosive charge inside sach of the various hoilow
members that pshnetrate the sea bottom. Folliowing the severance
suplosionis), submerged portions of the structuwres are pulled
from the water and placed on barges for removal . It is reguired
that the sxplosive severance operation be carried out with minimum
ettect on maringe Tife.

Two aspects of the explosive oubput from well severance
operations remain largely vnguantifisd: the threshold Tevels at
which marine 1ife 31s irreparably damaged, and the actual Jevels
found near a btvplical severance operation.

Direct study of the first of these - survivability of marine
life forms under suplosive shock stress — has been proscribed by
tiat. Our goal in the present project has been to sxamine the
othar aspect of the problem: determination of the shock lTevels
cutput during a typical explosive removal operation, Iin this
Fraeport, discussion is Timited to svaluwation of shock output levels
at various positions; consideration of the conssguences to marine
Vife forms is I=+t for others.

The original plan was to conduct controlled half scale tests
in the Fotomac River., The properities and construction of the
hotTow members driven into the mud Botton would be well known and
documented, and the Tocations of the gages ussd to examine the
shock fronts would be known to within a few inches. Thers was
also a pltan to tether biological spegimens near explosion sites at
nown standoffs; the specimens were to be sxamined after each shot
to determine the extent of their injuries, if any. Ecological
considerations prevent this or any other firing in the Chesapeake
Bay and its tributaries including the Fotomac River.

A "typical " well platform scheduled for removal was found
which could be instrumented without undue interference with the
removal operation. A1l parties invoived were not wunwilling to
allow diagnostic shock pressure measurements.

(B/723/8%)  DRAFT



2 - PRELIEIIHARY DATA

SUBIECT TO REVISION
WEST DELTA 30 FLATFORM

This platform was installed in 1944, Its +ield had been
exnaunsted by the mid sighties and it was scheduled far removal by
& subcontractor to the EXXON Corporation in the Fall of 1988, It
was located about 10 miles offshore in the Suld of Mexico south of
OGrand Isle, LA&.

Dimensions of the platform are shown in Figure . It was
iocated in I3 +t eof water. The bhottom penetrations inciuded the
main piltes for two six teg Jackets, eight skirt piles, six dolphin
piles and nine well conductors. As many as 14 conductors wers
used during the active Tifetime of the platfora; only 9 remained
at the time of the removal operation.

DERRICE BARGE OFPERATILNSD

A flotilla was suppl ied by Hfshore Fetroleum Industries
(HTY for the removal of West Delta 30. It consisted of several
tue boats, a suppiy bost and the OF [ barge. The DE I was the
primary staging platform from which welders, divers and rigasers
worked to remove the well olatform from the Guid. It is a derrick
barge approximately 3320 €4 JTong by 125 ft wide. The bargs was
held immobile by six anchors on 1000+ §+ cables. Fosition was
adjusted by operating the steam winch on sackh cabls. It garries a
crane capable of lifting the severed & leg jJacket from the water
when the diver, riggers and ordhnance crews completed their tasks.
It atzo provides sleeping and eating facilities for off-duty
personnel ;. sach of two crews worked a 12 howre shift daily so that
the operation continued 24 hours g dav.

The +first step in the opsration was the excision of Lhe
superstructure -~ aeverything above the jackets. Completion of this
ettort Tett the Jacket Teges extoending about 10 ft above the water.
The gskirt pile fops were 10 to 15 ft beiow the water line, and the
doiphin pile tops were about 10 ft above the watser. The well
conductors ertended various distances from a few feet below to
20 Ff or s0 above the watear.

Mext , mud and silt were "Jetted" out from the inside of each
pottom penstrating member. Fach charges was arned and Yowered to

the prescribed depth in the structural member or membars being
severesd .

Faor each shot, when the charge(s) had been placed and armed,
the anchor winghes were used to pull the barge away from the
platform as the NSWD crew paid out the gage string and cables.
Barge motion was finely enough comntrolled that the long axis of
the vessel remained parallis] to its original position beside the
piatform. That iz, the steam winches were capabla of maintaining
the barge axis paraliel to its original direction as it was moved
away +rom the platform.

(8/23/78%) DRAFT
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The piacement of the instrunentation van vsed by NBWC Ffor the
underwater pressure measwremsnts s shown in Figuwrs _ . The
harge is shiown in the figure standing off ferom ths well plabtform
in the position for firina. Upen completion of firina, the anchor
winches were uszed to move 1t back next to the piat+torm. There,
the riggers, divers and ordnance personne] preparsd for the newst
shoi by removing the seversd portions of the structurs, jetting
mud From the next members to be severed and setting new charaes.

A1Y the charges were Composition B and were prepared, srmed
and fired by DEMEX International ~ a subcontractor engaged by OF1.

The weill conductors were shot with 25 1b cylindrical charges.
Jne conductor was cufb with a 50 1b toroidal charge. The jackst
Tegs and variouws piles were all shot with 38 b octagonal charges
- shown in Figurse .

Charae Continement

The desian plans inciuding the structural details of sach of
the bottom-penetrating members are not available. As will be seen
below, however, the explosive output differed 1ittle betwesen the
variows legs. Thus, the passage of vears - with attendant
corrgsion - functionsed to "ltevel the playving field". The bottom
pErnetrating mambers were roughly sguivalent to one another in
their shock attenuating capabilities.

Siirt Fileg., These consisted of a single thickness of pipe
with their tops well below the water surtace.

Jacket Leds. These consisted of a structure constructed on
ahore, carried by barge to the site and et in place on the
bottom. Each jacket was held in position by main pilles driven
through each of its legs to bedrock. Thers was therefore a single
thickness of pips betwen the expiosive and fthe surrounding mad.

Well Conductors. These are of somewhat smaller giameter than
the Jacket tegs and are constructed of at Teast two Tayvers of pips
with cement grout betwesn lavers. Two of the six wers "urnderwater
stubs": their tops were underwater rathesr than in the air above
the water surface.

(8723789} DR&aFT




FRESGURE GABE STRING

The outboard end is tied tTo & convenient point on the piatform so
that the submergsd ines are not likely to become entangled in
whatever debris or portions of the platforsm are below the water
szurface. This reguired that, for some shots, the cliose-in oages
tine be considerably more than the planned 10 horizrontal feget from
the location of the buriesd charge. In addition, due to subsurface
currants, the gage shring could not be pulied straight without the
possibil ity af overstraininag, 1+ not bresking, the cables.

Figurs  shows & typical configuration of the gage string.

locations of the gages were estimated. The estimaie begins
with getermining the horizontal standotfd of the flosat above the
first vertical gage Tine from the nearest pgoint on the plratform.
This gage was then located reiative to the exact
teg/soconductor/pile being shot +from dimensions on the avaitabis
drawings of the platform. An estimate of fthe curvatwre of the
iine of ficats caused by the currents LThen provided sstimates of
the horizontal Jocations of each of the other vertical gage lines.
This procedure assumed that the vertical sags lines were, in fact,
vertical . Twalve pourd weiahts were attached to the 1owsr end of
gpach gage vertical to counter their tendenoy to rise in the
current . Thers was no way to check this assomption. Also, there
was no accurats way to determime the actual standofd of the first
gage float from & particular portion of the platform. All-in-all,
the gage Tocations are net well known.,

It is mot possible to use the NSWD ranging program to
determine the gage locations. This program was designed Lo bs
usad For bareccﬁéFQEﬁ fired in free water with a fiducial signal
that is gensrated by the shpck aﬁfit passes the surface of the
charge. aqr:edefﬁ s e fusedd 1o v R~ L Ny

— S/w /3457(3; Y”{uwuj:k b o tlo u mMmal't ¥ wa¥ey

. . )
- ’gi ducials ld&j dit TaprtadeE £ KLFI
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0T TG REVISION

Tourmal inge gages were mounted on steel +fingers attached tao
vertical Ydown Tines" ., Un g2ach line there was a singie gage at
20, 35 and 4% 1 below the water surface. Since the mud Vine was
approdimately 55 ft below the water surfacs, the Towest gage on
sach string was 4 ft off the bottom. The first down line was
intended to be 10 Ftf (horizontally) from the charge location +for
sach shot:  in no case was Lt possible to piace the tTine this
closs.  The second Tine was 1D 1t bevond the first; the third was
FE AL beyond the second and the fourth was 200 fit bevond the
Thdrd. The total horizontal arc Tength of the gaae Tine from the
Firet to the +ourth down 1ine was therefore 290 .

Hage signal cables were run to the surfarcs along sach down
line and supported by surface floats back to the barge.

Elpctroniocs

The signrais from the tourmal ine pressure gages were fead to
impadance matching and termination networks via about 400 ¢ of
special lTow noise coaxial cables. Signal conditioning circuitry
placead the signals on a 14 channel Racal analog FM tapes recorders.
The tapes were run at 120 IFS and the recorder fraguaency Fesponse

was D00 kihz. Flayvback frequency responses of 500, 250 and 123 khz
werse accessible by selection of plavback electronics: 129 kb was

selseted., Immediately tollowing =ach shot, the analog tape
records ware plaved back on visicorders to assist identification
of faulty gages and to allow timely Judagments of gage condition
and of the quality of the data as it was obtained.

(B/22/78%)  DRAFT
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CRELIRENARY CATA
SUBJECT TO REVISION

GCrhapter 2

FREVIOUS WiRE

Few gualitative studies of Lhe2 syplosion shock output from
underbottom detonations have been reported.  Two which appear
appiicable to The present probiem are discussesd briefly in this
section. Unfortunately, neither is readily acocessibie in the open
fiteraturea.

The firet study was a series of large free water Uomp C-4
gxplosions. They were +ired to accumulate shock data from which
generalized simiiituwde equations were generated.

The second study might be considered the genesis of the
present project. Simul ated wel lheads were severed under rather
more controlled conditions than were possible on the West Delta 30
renoval operation.

FREE WATER TESTS
Three &5 1b Comp U-4 charges were fired in free water in the

Fatomac River as part of a broader series of tests. Results were
reported in an internal memoranduon.

Shot Geomstry

Charass and gages were placed on a Float supported string rig
such as is commonly used for fres water tests. Charges and gages
all were pilaced at a depth of 30 ft in 70 1t of water. Bage
ranges +rom 2ach charge were S, B, 15 and &5 ft; these ranges
ca?ﬁgapmnd to scaled ranges of 1.24, 1.9%, 3.73 and 1&6.17 ¢ /

Th .

hesults

Shock similtitude equations were determined for these charges.
The similitude eguations express peak shock overpressure, specific
shock impulse and shock energy flux density as a function of
reduced range. {(retersnce )

Reduced range is defined as actual range in ft divided by the
cube root of charges weight in Ths. Feak overprsssure is the
maximum initial excursion from ambient of the pressure gage signal
when the shock wave arrives. Imnpulse is the integral under the
pressure-time signal produced by the shock: the integral extends
for 1 time constant of the initial decay for these charges.

Energy flux is proportional to the integral of the sguare of the
pressure amplitude, again for a dwation of one time constant.

(G/ 2278 DRAFT



The similitude eqguations determined for the 45 1b charges

SUTE S

Overpressures o= 27150 (Rowi/l3y 1.8 (prsi)
Impul se o= 1,45 WS (rewldE 919 {pgil—sec)
Eneray:y & = 2950 W3 (oWl /Gy e 13 {in~ibh/ssa—in:

In these sguations,

o= Range (ft) and W o= Charge Weiant {1bh)

Thess results are presspbed graphically with the results of
the well head severance tests discussed in the mexst section.

(PN

HaLF SCALE WELLMHEADS

Geveral sdplosive tests using hat+d scales models of oil
wil Theads were conducted by NSWE (Reterence | e Thess2 tests
were perfomed in the Fotomac River at Dabhigren, VA to determine
the characteristics of the pressurs field in The watsr near
gxpiogions confined in simulated well conductor caszings.  The
canings wereg severed both in freese water and with the charges 7.5
+17 below the mud Tine.

Three expliosives were used: Comp O-4, THT ard Nitromethane.
¥ the three, Domp -4 provided thes greatest output lTevels:
results are discussed in the following. (referanoe }

Shot Geomshry

Twenty twa towrmal ine gages were mounted on threes vertical
down 1ines spaced 4, 9 and 14 ft from the down tine on which the
charge and simul ated well casing were mounted, For the
uriderbottom shots, six of the gages were on the botitom, thrae were
just under the water/air boundary, five wers near the bottom and
the remaining eight gages were located at middle depths in 25 +t
od water. The closest gage was  ft $tf]blfd) from the
charges the farthest gage was _ fT FL/101/3) from the
Charas

The simulated casings were hotlow, and were vented to the air
above the charge.

(B/22/8%) DRAFT



Shocok wave peak overpressure, specific shock impoalses and
ahock ensray Fiux density wars determined for gach gage. The
are pressnted in graphical 4orm:  overprassure 1n
impuise in Figure _ and snecdy 1n Flgurs
LAL e on gach figure shows Free field values determined from
the &% 1h shots described above. The ltowsr Jine represents a
jesst sguare Fit to the valuwes obtained wilth the charge bensath

the mud tine in simulated well casings. HNo allowancs was ma + o
the mud fraction of the path bhetwsen sach charae and gaae. ez

oniy distinction made in the data presented is that the pressurs
values nbtained from gages within 309 of bthe vertical line above
the chargese ciuster about a ditferent, lower, Tine than those +rom
gaves tocatsed further from the vertical. lsspite this, impulsze
and eneragy values from the gages at angies greater or lass than
309 are not clearly distinguishable from one another.

Fresswre and impulss values for the oud shots, repressnted by
the Tower fitted lines in each case, wers reduced to abouwt 364 of
the values observed at the same reduced ranges in free water.
Emeray values were reduced to about 15% of the free water val ues .
These perosntages ars a roush measwrs of the attenuation provided
by the mud and pipe confinemsnt. They are the ratios of the
values of =ach parameter at approximately the midranges of the
mEaEur-emantes 10 Ft/1ptl3

The energy attenuation is considersbiy greater than that for
either the impuise or overprasssws2. This is consistent with the
fact that the 2nergy is proportional to the sauare of the
pressure .  When the presswrs is reduced by & factor of 0. 35 the
gnergy is reduced by a factor OF 0,386 = 0,13, The impulse is
reduced by the same tactor as is the pressure.

Raefarencss

Cols, F. H., Underwater Explosions, Frinceton University
Fress, 17438

Fays, W. Hoy, "A Cursory Look at the Enviconmental Effect of
the Severing of Oil Wellheads," Transactions of the 1931
Explosives Conference June %11, 1981, Houston, TX, Sponsored by
the Drilling Technology Committese of the International Association
oaf Leilling Contractors.

Goertner, J. F., "Fish-Eill Ranges for 0i1 Well Severance
Explosions,! MNGWD-TR 81-14%, April 1981
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PEAK OVERPRESSURE (psi)
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REDUCED ENERGY FLUX
(in-1b/sq-in)/{1bA1/3)
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Chapher 2

ANELLYSTS

EHIOTE

In the courss of the removal operation, sleven garoups of
piatform semnents were vizr@d bensath bthe mud 11

aroups’ dnvolved ooy one element; others invelved either twg oF
i

. Srm

o wmecond interval s. ATl the bottom pen:

B e T Towetre shot and whose shook waves wers resorcsd
Tisted 5o

u

SAGE FOSITIONS

The major reason for NEWC participation in the operation was
e ool lect data from which to generatse similitude~type souations.
These sguati1ons are uzad to predict the output Ferom other similae
gxplosions.  To deteraine these sguations with any degre
precision, the iocatilon of each gags retative to the espiosion
site must bDe Enown.

& ot

The caiculation normally used to determine slant range
A Tres water sdpiosion is basad on bhe shoock b
Time in water bhebtwesn the charge surface and =sach gage.
the ohar: irn the present tests were not located in fres water,
and it was nobt feassibiz to mount a fiducial gage on esach ;
Thersetors, The noremal ranaing alagosithm could not De
geomstric calowlation that was used is desoribed in Lhe

g u ¥

Horizontal Ranogss

¢ eA/taT

The gsaes line was tied to a ggﬁéégb?e point on the platform
structure on the side olosest Lo the bargs. The tig point was
chosen to minimize the possibility of snagsging underwater portiong
af the string on submerged debris or structural esisments.  &Gs the
bharge backed off from the platform, the ambient cwrent owlisd the
Time sidewava. The shape of the curved surface Tine was
reproduced on a scalsd deawing of the barge/platform arrangement .
A gensral ired sketoch 1s shown 10 Flgurs . The Cartesian
coordinates relative to the tie pint of sach of the fioats
supporting a gsage down 1inse were read from the deawing.

The morizontal coordinates of the ohbaeage relative to the tie
point were deternined from a freebhand drawing of the system.
Thess coordinatss were vused with the horizontal coordinates oF
mach down Tine to determine the horizontal range From the ohargs
o @ach down 1 ins. The geometery is illustrated in Figurs &

-

(07167890 DRAFT
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RESULTS

Ak

Thrse parameters that varied among the 2L 2xplosSions were !
cemation of bthe opsn too of the tubuwlar, the size of the ssoiosive
charge and the depth of the ocharge below the mud 1ine. Thesme
coutd ot bhe varied in oa systematic and controlied manner . bDut
their etdfects are nobted as far as possible.

b

Top of Fips

The tops ofr most of the seversd tubulars sstended above the
surtace of the walter. The exceptions were the skirt piltes and two
ot the wall conductors: thelr tops tersminated [0 F4 or mors Del o
The surdace oFf Lhe water. The toos that were beiow bhe surdface of
the waler were nobt out expressly for this operstion: cutfting done
in connsction with the roanoval opsration was terminated above the
water surface primarily for cost sedtfectivensss reasons andg Job
gt Lo LEnCyY .

Charge Sixo

The bhwuik of the data analyzed here were obtained with
Composition B ocharass weiaghing approximaiely 38 1b. They wers
roughily toeoidat in shape, detonated &t ftwo points — at sither andg
an inner diameber. The 28 b charees were 231 oviinders, §irsd
irzide well casings. The S0 b charges were gonuts,.  The
cvlindrical charges were detonated at their upper snds.  The
chargs sirzes ware chosen to ensuwrs severance of the tubular and
mest oo ogilive a range of welahts for fhe present analvsis.

[ o

Charae Lepth

The mandated severancs depth for platform oleasrance is
= ogmeters (Tid FE) bhelow the mud tine. The and 30 1b charaes
vsed in the weil conductors wers placed sither 12 or Z0 +t below
e mud Tine. UF the 38 1 octagonal charges used in the piles
and platform legs, one was placed 8 ft, and one 26 ff below the
mud Tine. The remaining 18 charges were placsd 16 % below the
mud . Thess depth variations were made to aszsess the effscis of
depnth of burial on shoock output of the expliosions. (A walver was
granted for the shallow severance shot.)

39 DRAFT
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Fhose cases in which the charge was Fired in & toubulae
@rnd Termineted above the watse vE, @ Bingle major
obrserwva The major pulse was precedsd by a smalier

oalrtd bhe pair was followed by a lTong duration Tow amplitodse
megat ive exoursion.

Jacket Legs, S11 were 38 1bh ootagonal charge

Conductors. three Z5 1b oviinders, one 50 b donot

Water Termination

Fore those cases in which the charge was Fired in oa tubular
wiose top end terminsted below the wal surtace, thires shook
ol ses wers observed. On first viewing, the seqguence of pulse

ivAal Times spens strange. The first twn of the fthrese areive
the top gages on esch down 1ine easriier than at the owsr gages

The same tine. The third pulse arrives at the Jowest gage on 2a
Ting betore the upper gaees on the sams line.

]
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Since the chargses all were mounitsed balow the Jowsst gage, Lhe
direct shock emitied by the expiosion showid arrive, first, at the
Towest gages on sach string (becauss of the shoritsr travel
distance), reaching sach bilgher gages in upward suwooession.
Conversely, a shock originating near the water surface should
arrive, first, at the topmost gage 1n each siring, then arriving

- mach 1ower gage i downward SuCoEss100.

Following fthe above argument, the Tirst pulse appears to
originate at the top of the tubuwlar: a shock iz emitted from the
gpern snd into the water, and is the first to arrive at each of the
gacess on a guven down tine. This first pulse sxhibits a shape
typical of surface cut-off. A shock is emitted from the submerged
top af the tubular and is reflected at the water surtace as a
rargfaction. The reflected rarefaction arrives at each gage
naftore ths direct shock pulse has decaved to ambient. This causes
the pressure signature ampl ituds to drop sharply to ambient.
{retferencse _ ole)
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The sscond pulse st each station arrives at o time consistent
With having originated nearer the water surface than the hottom.
Tte apparent sowrce is mnot obvious. It euhibite some of the
i E t of the smallear pulass that precedes the direct
wave observed on the air-terminatsod shots, It has about the
amplitude at all depths and it arrives martier at the
Towar gages (nearest ths wator surface) .,

Tre third pulse to arrive at sach gage station is apparently
the direct shock emitted $rom the charee inside the tubul ar bies ] o
Lhe mucd 1 ines, g fime-of-arrival (TO8) = Tater for b

whal lower gages.  The pules does not exhibit the characteristice

surtace cut-off pulse shape.
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FOREWORD

The U.S. Navy has conducted a comprehensive program of research on the
environmental effects of underwater explosion testing since 1970. This work has
been documented in a series of technical reports and lectures. However, there is a
need for brief, less technical, publications that can be distributed to regulator
agencies and the general pubfic to clarify certain issues prior to the conduct of tests.
As the physical effects of explosions on marine life usually receive more scrutiny and
discussion than any other potential environmental effect, this topic has been given
priority and is the subject of this report. It is expected that other topics will be

treated in subsequent publications.

This report was prepared as part of the Ordnance Reclamation Project of the
Naval Sea Systems Command (SEA 06R) under Program Element 63721N, Work
Unit—Environmental Effects of Explosive Testing. This report is one of a series
published under this sponsorship.

Approved by:

WILLIAM H. BOHLI, Head
Energetic Materials Division

/11
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RESEARCH ONTHE ENVIRONMENTAL EFFECTS OF
UNDERWATER EXPLOSIONS BY THE U.S. NAVY

Experiments on the effects of explosions on marine life have been conducted
since the 1940s by various organizations, but no satisfactory theory was developed to
explain the results until the Navy initiated a systematic research program in 1970.
The program has the following objectives:

® to conduct experiments on the effects of explosions on fish,

® tocollect useful data from all possible sources,

® todevelop prediction models based on sound theoretical concepts for injury
to marine life,

® toinvestigate the deposit of explosion products in the atmosphere and
marine environment,

® todevelop prediction models for concentration levels based on explosion and
dispersion theory,

® todevelop methods to avoid or minimize all adverse environmental impacts,

® to invesc{:igate safe methods to cause marine life to temporarily leave a test
site, an

® fo provide technical support for compliance with relevant environmental

aws.

This report is limited to the effects of explosions on common forms of marine life and
on human swimmers.

Research was conducted in collaboration with fishery biologists at the
Chesapeake Biological Laboratory in Solomons, Maryland. This partnership has
been maintained to the present, and the bady of accumulated knowledge has been a
basis for consultation and involvement with almost all forms of underwater explosive
work, including blasting, demolition, and channel clearance. Project personne
participated in tests against young salmon conducted in Alaska by the Oil and Gas
Industry and worked with Minerals Management Service and National Marine
Fisheries Service personnel on problems related to the explosive removal of offshore
drilling platforms in the Gulf 4::1P Mexico. They also provided technical input at the
Southwest Fisheries Center Seal-Bomb Workshop held in La Jolla in 1989,

During the early stages of research, emphasis was placed on studies of the
effects of explosions on fish because of their dominant presence in the marine
environment and their considerable economic importance. During later stages,
special attention was given to marine mammals and sea turtles, which are present at
some test locations. These species require maximum protection. Effects on
swimmers were studied in other programs related to the safety of Navy divers, and
the results are used here.
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Since there is always a paucity of data for extreme conditions, such as very low
dosages, low level physical effects, or natural events that rarely occur, predictions for
low levels of probagility are made by extrapolating data in the mid-range of
probability.

When predications of the environmental effects of underwater explosion tests
are made, statistical methods are used for calculating the probability of injury of
common species of fish with and without swimbladders. A different approach is
followed for endangered species, sea mammals, sea turtles, and human swimmers.
As no injury is acceptable in these cases, the calculated safe range is based on data
from land mammals that indicate levels of effects that are not injurious.

In the complete absence of data, relevant information and physical and
biological concepts are used and a "worst case” analysis may be employed.

For convenience, the various forms of life encountered in coastal waters
(generally within 12 nautical miles of land) have been divided into four categories of
vulnerability, starting with those that are the least vulnerable. These are listed in

Table 1.

Figures 1 through 7 include typical calculated ranges for the four categories of
vulnerability in addition to sample contours for swimbladder fish, porpoises, and
swimmers. When contours are available, the extreme range is used for planning.
The equations used for range predictions are summarized in Table 2. In most cases,
the original predictions were made with computer programs based on complex
physical-biological models. The equations presented here summarize the resultsin a
_.concise form for use in the initial stages of planning.

DEFINITIONS USED FOR TEST PLANNING AT SEA

MINIMUM AIRCRAFT SURVEY RANGE

This is the range at which spotter aircraft fly for a period of at least one hour
prior to a test. If swimmers, sea mammals, or sea turtles are observed within this
region, or approaching it, tests will be delayed until they have left. The range is
based on safety of human swimmers, as this exceeds the safe distance for marine life.

MINIMUM SURFACE SURVEY ZONE

This is the close-in region that can be surveyed by personne! on shipboard, both
visually and with fish-finders. It is usually based on the 90 percent survival of
swimbladder fish weighing one pound or more. A small number of fish common to the
area is acceptable. If a school of fish enters this zone, tests will be delayed until it

leaves.
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TABLE 2. PREDICTION EQUATIONS

 CATEGORY ! NON-SWIMBLADDER MARINE LIFE-90% SURVIVABILITY

Flounder RpL= 338 Wg!?
Shrimp Rs = 5.39 Wg'?
Lobster R, = 185Wg!®
Oysters Ro = 374 ng
Crabs R, = 63.4WglR

CATEGORY I} FISH WITH SWIMBLADDERS-80% SURVIVABILITY
RSF = g5 WF-O.I.'.’: wEO.ZS(DOB)0.22

-CATEGORY III SEA MAMMALS AND SEA TURTLES-SAFETY

Calf Porpoise, 200-ft DOB Rcp = 578 Wg028
Adult Porpoise, 200-ft DOB Rap = 434 Wg028
20-ft Whale, 200-ft DOB Rw = 327 Wg028
Sea Turtles Rr = 560Wg!R

CATEGORYIV  SWIMMERS AND DIVERS-SAFETY

1730 Wg0-18

Swimmer and Charge on Bottom, 30-ft DOB Rp

Swimmer Depth 50-ft, 100-ft DOB Rp = 3800 Wp0-18

Deep Water

R = Range in feet
Wg = Weightof Explosive in pounds
Wr = Weightof Fish in pounds

DOB = DepthofBurstinfeet

13
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